We evaluated the immunocytochemical expression of GPC3 in archival material obtained from fine needle aspiration of hepatic lesions to assess the sensitivity and specificity of this marker in cytological material and its potential diagnostic utility in differentiating hepatocellular carcinoma (HCC) from other primary benign or malignant hepatic tumors and from metastatic lesions in the liver. Forty-nine FNAs of the liver obtained between January 2000 and June 2006 were identified from our cytology files. Cytological diagnoses (confirmed by tissue diagnosis and/or clinical follow-up) included: 7 adenomas, 1 focal nodular hyperplasia (FNH), 24 HCCs, and 17 metastatic tumors. On the basis of the histological, clinical and/or radiological follow-up, 20 of 24 (83.3%) FNAs confirmed positive for HCC-expressed GPC3. All the seven adenomas and the only FNH were negative for GPC3. Sixteen out of seventeen metastatic malignancies were negative for GPC3. The only case expressing GPC3 was an anaplastic carcinoma with neuroendocrine features of unknown origin. In this study, the sensitivity of GPC3 in the diagnosis of HCC in the cytological material was 83.3%, the specificity 96%, the positive predictive value (PPV) 95% and negative predictive value (NPV) was 85.7%. Immunocytochemical staining for GPC3 in alcohol-fixed FNA material is a highly sensitive and specific method capable of distinguishing HCC from other benign and malignant hepatic lesions and from the great majority of metastatic lesions.
Early detection of hepatocellular carcinoma (HCC) is very important for the successful treatment of this malignancy. However, differentiating between HCC and benign hepatic lesions is sometimes difficult. 1 In such a circumstance, a marker that can assist in separating HCC from other hepatic lesions and from metastatic neoplasms to the liver would be very useful.
Glypican-3 (GPC3) a cell surface-linked heparan sulfate proteoglycan that is attached to the cell surface by a glycosyl-phosphatidylinositol anchor is an oncofetal protein that is highly expressed during embryogenesis and organogenesis. It appears to play a role in the regulation of cell proliferation acting through the Wnt signaling pathway. 2 Specifically, GPC3 is highly expressed in fetal hepatoblasts and is absent in most adult tissues including normal adult liver. 3 Recently, several studies have demonstrated that GPC3 is expressed in both serological 4 and immunohistochemical material obtained from surgical resections or tissue biopsies of hepatoblastoma and HCC. GPC3 is absent in benign hepatic lesions, cholangiocarcinoma, hepatic cirrhosis and hepatitis. 5, 6 However, to our knowledge, no study has been performed to assess the expression and diagnostic utility of GPC3 in alcohol-fixed cytological material. In this study, we report our experience on the immunocytochemical (ICC) expression of GPC3 in cytological material obtained by FNA of hepatic lesions, and evaluate its diagnostic value in differentiating HCC from other primary and metastatic hepatic lesions.
Materials and methods
Two hundred and ninety-two FNAs of the liver obtained between January 2000 and June 2006 were identified from our cytology files. After review, 243 cases with insufficient/scant cellularity or lack of confirmatory surgical material and/or clinical follow-up were excluded from this study. The remaining 49 cases were selected for GPC3-ICC staining. Cytological diagnoses included: 24 cases of HCC (8 with cirrhosis and 16 with normal liver), 7 adenomas, 1 FNH (focal nodular hyperplasia) and 17 metastatic tumors (3 colorectal carcinomas, 3 pancreatic carcinomas, 2 mammary carcinomas, 2 gastric carcinomas, 1 adenoid cystic carcinoma, 3 non-small cell carcinomas, 1 small cell carcinoma of lung, 1 high grade sarcoma and 1 anaplastic carcinoma with neuroendocrine features). Of the 24 cases of HCC, 7 were nuclear grade (NG) I, 9 NG II and 8 NG III. Alcohol-fixed papanicolaou-stained smears (PAP) were cleared with xylene and rehydrated with graded alcohol to water. Slides were stained with a monoclonal antibody to GPC3 (Clone 1G13, BioMosaics Inc., Burlington, VT, USA). EnVision þ polymer (DAKO, Carpinteria, CA) was used for detection. Negative (omission of primary antibody) and positive controls (paraffin sections of HCC) were run in parallel. Optimal primary dilutions were validated on alcohol-fixed cytology slides containing HCC. Results were recorded as negative or positive. GPC3-staining was considered positive when the immunoreactivity was present in at least 3% of hepatocytes, the extent of reactivity within the neoplastic epithelium was semiquantitatively assessed as focal (o25% of positive malignant cells) and diffuse (425% of positive malignant cell). The intensity was classified as weak, moderate or strong and the location of staining as membranous and cytoplasmic or pericanalicular. An example of focal and weak pattern of staining is illustrated in Figure 3b .
All cases of malignancy were confirmed based on tissue resection and/or progression of disease on imaging studies. Similarly, lesions were considered benign if there was a lack of progression or resolution on imaging studies in conjunction with continued well-being of the patient. In addition, when available, a diagnosis of benign process made on a resected sample or a tissue biopsy sample from the target area also served to confirm the benign nature of the lesion.
Results
The results of this study are summarized in Table 1 . Utility of glypican-3 in differentiating hepatocellular carcinoma S Ligato et al was 83.3%, the specificity 96%, the PPV 95% and an NPV of 85.7%. ( Table 2 ). As summarized in Table 1 , the extent of staining in the 20 HCCs expressing GPC3 was diffuse in 14 cases (70%), and focal in 6 cases (30%). The intensity of staining was weak in 5 cases (25%), moderate in 4 cases (20%) and strong in 11 cases (55%). The distribution of staining was membranous and cytoplasmic-based with a diffuse, uniform granular pattern in 15 cases (75%) and pericanalicular in 5 cases (25%) (Figures 1b, 2b and 3b) . In the only case of non-HCC positive for GPC3 the staining was focal (with only 3% of the cells positive), with a weak intensity and a pericanalicular pattern of distribution. No positive staining for GPC3 was observed in bland/normal-appearing hepatocytes or biliary ductal cells. Six of 8 (75%) HCCs with cirrhosis were positive for GPC3, whereas 14 of 16 (87.5%) HCCs without cirrhosis expressed GPC3. Of the four cases of HCC that did not expresse GPC3, two cases were without evidence of cirrhosis and the other two cases were cirrhotic. 
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Discussion
Several recent studies have identified that GPC3, used as a single immunohistochemical stain [3] [4] [5] [6] [7] [8] [9] or as part of a panel with other markers such as HSP70, and glutamine synthetase, 10 may be very helpful in differentiating HCC from benign hepatic lesions and from metastatic neoplasms to the liver.
These studies, performed on formalin-fixed paraffin-embedded tissues, have demonstrated that GPC3 is not expressed in hepatocytes from normal liver and benign hepatic lesions such as adenoma, FNH, cirrhosis, hepatitis 4 and FNH-like nodules in cirrhotic liver; 8 and is expressed in the majority of cases of HCC with a sensitivity ranging from 72 to 90% 3, 4, 8, 9 and a specificity between 96 and 100%. 8 In addition, some of these studies have identified that hepatic preneoplastic lesions such as high grade dysplastic nodules (HGDNs) can express GPC3 in appoximately 7% of the cases; and low grade dysplastic/large regenerative nodules express GPC3 in only 3% of the cases. 8 To our knowledge, this is the first study that has investigated the ICC expression of GPC3 in Utility of glypican-3 in differentiating hepatocellular carcinoma S Ligato et al alcohol-fixed cytological material obtained by FNA of the liver. Our data indicated that GPC3 is expressed in the majority of cytological specimens of HCC with a sensitivity of 83.3% and a specificity of 96%, similar to the sensitivity and specificity observed in several studies performed in formalinfixed paraffin-embedded tissue. 2, 3, 8, 9 Furthermore, we observed similar membranous/ cytoplasmic and pericanalicular patterns of staining for GPC3 as previously documented in tissue samples. 3, 9 In fact, 75% of our cases of HCC positive for GPC3 showed a membranous/cytoplasmic-based pattern of staining (Figures 1b and 2b) and 25% a pericanalicular pattern (Figure 3b ).
In addition, a possible correlation between the extent, intensity and distribution of staining of GPC3 in HCC was noted. In fact, five of the six cases of HCC that showed a focal extent of staining were also associated with a weak intensity of staining and a prevalently pericanalicular pattern. (Table 1) .
As summarized in Table 3 , we noticed that as the NG of HCC increases the expression of GPC3 decreases. In fact, GPC3 was expressed in all seven cases (100%) of HCC with NG I, eight of nine cases (88.9%) with NG II and five of eight cases (62.5%) with NG III. In this respect, our results differ from the findings reported in other studies performed in tissue sections in which a higher number of HCCs with NG II and III (approximately 82%) were positive for GPC3 compared to well differentiated HCCs with NG I (53%). 9 In our study, 75% (6/8) of HCC from cirrhotic livers expressed GPC3 compared with 87.5% (14/16) of HCC developing in normal livers. This finding differs from the recent observation reported by Wang et al. 9 in a study performed in tissue samples, where a statistically significant correlation between GPC3 expression in HCC from cirrhotic livers (90%) compared with HCC in normal livers (64%), Po0.01 was found. We do not have an explanation for these differences, and only additional studies performed in cytological material will help to clarifying these discrepancies.
As our and other studies have shown, it appears that GPC3 is not expressed in approximately 25-30% of tissue samples of HCC and in 16.7% of our cytological smears. One reason could be attributed to the heterogeneous molecular pathways through which hepatocytes may progress during the process of hepatocarcinogenesis. Another explanation could be related to the focal expression of GPC3 in HCC. 8 Therefore, there is a certain risk of sampling error particularly in cytological material, and consequently negative results do not always exclude a diagnosis of HCC. On the other hand, we caution to interpret a positive ICC stain for GPC3 as a definitive proof for a diagnosis of HCC. In fact, due to the focal expression of GPC3 in dysplastic nodules, and in rare cases, in metastatic carcinomas to the liver, 11 a positive result for GPC3 in non-HCC may be obtained.
Therefore, it is prudent to interpret a positive ICC result for GPC3 within the appropriate clinical, serological and radiological context.
Our results indicate that GPC3 is expressed in the majority of cases of HCC obtained by FNA of the liver with a diagnostic accuracy similar to the one already documented in formalin-fixed tissue. These findings suggest that fixation in alcohol and subsequent PAP staining does not affect the ICC detection of the GPC3.
In conclusion, we have demonstrated that ICC staining for GPC3 in alcohol-fixed cytological material is a valuable tool capable of differentiating HCC from other hepatic lesions, and from most of the metastatic tumors to the liver. Since GPC3 ICC stain is simple to interpret and can be performed in most laboratories currently performing ICC on cytological specimens, the routine use of this marker in clinical practice may become a valuable diagnostic adjunct to the cytological diagnosis of HCC. Utility of glypican-3 in differentiating hepatocellular carcinoma S Ligato et al
